Traditional histology relies on processing and physically sectioning either frozen or formalinfixed paraffin-embedded (FFPE) tissue into thin slices (typically 4-6 μm) prior to staining and viewing on a standard wide-field microscope. Microscopy using ultraviolet (UV) surface excitation (MUSE) represents a novel alternative microscopy method that works with UV excitation using oblique cis-illumination, which can generate high-quality images from the cut surface of fresh or fixed tissue after brief staining, with no requirement for fixation, embedding and histological sectioning of tissue specimens. We examined its potential utility in dermatopathology.
Traditional histology relies on processing and physically sectioning either frozen or formalinfixed paraffin-embedded (FFPE) tissue into thin slices (typically 4-6 μm) prior to staining and viewing on a standard wide-field microscope. Microscopy using ultraviolet (UV) surface excitation (MUSE) represents a novel alternative microscopy method that works with UV excitation using oblique cis-illumination, which can generate high-quality images from the cut surface of fresh or fixed tissue after brief staining, with no requirement for fixation, embedding and histological sectioning of tissue specimens. We examined its potential utility in dermatopathology.
Concordance between MUSE images and hematoxylin and eosin (H&E) slides was assessed by the scoring of MUSE images on their suitability for identifying 10 selected epidermal and dermal structures obtained from minimally fixed tissue, including stratum corneum, stratum granulosum, stratum spinosum, stratum basale, nerve, vasculature, collagen and elastin, sweat glands, adipose tissue and inflammatory cells, as well as 4 cases of basal cell carcinoma and 1 case of pseudoxanthoma elasticum deparaffinized out of histology blocks. Our results indicate that MUSE can identify nearly all normal skin structures seen on routine H&E as well as some histopathologic features, and appears promising as a fast, reliable and cost-effective diagnostic approach in dermatopathology. esophagus and dysplasia. 7 Our study compares MUSE microscopy with conventional H&E in dermatopathology, which has not been done so far. After MUSE imaging, the samples were returned to formalin and subsequently submitted for traditional paraffin-embedding and histologic sectioning. Conventional H&E-stained slides were scanned using a slide scanner (Aperio AT2, Leica Biosystems Imaging, Inc., Vista, California) for concordance. All MUSE and H&E images were examined to locate corresponding areas. Thirteen correlated paired images were identified.
| MATERIALS AND METHODS

MUSE
We also evaluated MUSE for abnormal histology using 4 paraffin-embedded skin biopsy specimens with previously diagnosed basal cell carcinoma (BCC) and 1 paraffin-embedded skin specimen with pseudoxanthoma elasticum (PXE). The H&E slides were scanned, and subsequently, the paraffin blocks were deparaffinized, and tissue cut surfaces were stained as above and then imaged by were assessed on each pair of images by the examiners. Each MUSE image was scored from 0 to 2 per structural element based on the scoring system shown in Table 1 . Abbreviation: MUSE, Microscopy using ultraviolet surface excitation.
| RESULTS
The average time needed to acquire each MUSE image was about 5 minutes (2 minutes for staining and 2-3 minutes for image acquisition), which compares favorably with typical overnight processing for H&E slides. However, the evaluators reported that interpretation of the MUSE images seemed more time-consuming than for the H&E slides, which they attributed to unfamiliarity with MUSE images. Sixteen correlated paired H&E and MUSE images from 11 patients (6 de-identified skin samples, 4 paraffin-embedded skin biopsies of BCC and 1 paraffin-embedded skin biopsy of PXE) were evaluated. Mean scores of 3 examiners for each structure were generated and shown in Table 2 . The overall MUSE score of 9.4/10 indicated a slightly weaker ability to identify these normal skin structures compared to H&E. However, the comparison showed that MUSE was comparable and sometimes superior to conventional microscopy in showing certain structures such as adipose tissue, vasculature, stratum corneum and collagen and elastin fibers (Figure 2 ). On the other hand, MUSE depiction of cytoplasmic details was rated inferior to that of H&E, for example, inflammatory cells and stratum granulosum (Figure 3) . Interestingly, MUSE could clearly show diagnostic pathologic features of BCC and was also able to show the unique pattern in elastin in a patient with PXE ( Figure 4 ). MUSE setup used in this study was a prototype and may be subject to change in the future, so the actual cost of the hardware, software and licensed reagents cannot be exactly predicted at this point. However, it should be well within most pathology departments' budgets. The author most closely involved with operational aspects of MUSE (R.L.)
is confident that MUSE would ultimately be less expensive, overall, than conventional histology.
After MUSE imaging, the specimens can be fixed, embedded and stained conventionally without evidence of interference with specimen quality and staining results to date. As MUSE is nondestructive and does not require fixation, the specimen may potentially be used for subsequent molecular studies with enhanced A potential limitation is that MUSE images are currently limited to ×10 magnification (while H&E slides can be scanned at ×40 magnification). This may explain why MUSE showed a lower ability to reveal cytoplasmic and nuclear details compared to H&E, and in this study was less capable of identifying inflammatory cells and the stratum granulosum. However, techniques and material used for sample preparation as well as instrument optical design continue to be optimized, which may potentially overcome these limitations.
Another limitation of our study was due to the difference in methodology in acquiring MUSE images and H&E slides, which made it difficult to obtain perfectly paired correlated images for comparison;
MUSE images were taken from the cut surface of the specimen. H&E slides were mostly from slightly deeper levels of the skin due to the need to remount and face the blocks. This made it difficult or, in some cases impossible, to find a perfectly correlated image from the same spot and same level for comparison. For that reason, the number of evaluated paired images in this study was limited to 16.
Comparison of MUSE and H&E slides showed that distinguishing an adipocyte from artifact or vessel was not completely straightforward with H&E-stained slides, but MUSE was able to show distinct surface topology of the adipocyte globules and vascular tubal structures (Figure 2 ). Collagen and elastin structures were also highlighted by a green or blue coloration, respectively, in MUSE images, which helped to identify these structures more easily than the pink variants visualized with H&E.
| CONCLUSION
MUSE represents an emerging technology for rapid diagnostic imaging of skin pathology directly on excised tissue in the clinic, without the need for tissue fixation, processing or thin-sectioning. This study was limited, but it showed that MUSE represents a novel EVM method that is cost-effective, resource-friendly, and fast; even at this stage of development it appears to generate diagnostic-quality images, at least for some lesions. As it is non-destructive, if results are non-diagnostic, the specimen can be submitted for routine histology without impact on conventional clinical workflow. MUSE has potential to be serve in "POC" settings for evaluating surgical pathology specimens at both intraoperative (such as Mohs micrographic surgery) and routine 
